Introduction
Pulmonary function tests are powerful tests in detecting the effect of certain chemical exposures on pulmonary function. Automobile factory is a place where workers are exposed to toxic substances, which are harmful to health. In automobile industry, work floor assembly lines chassis move continuously and pass by "Robot Painter" that sprays them and workers assemble the chassis. The paint that is used in sprays contains an isocyanate, a low molecular weight compound which is of a major concern, relating to development of occupational asthma. Car spray painters are exposed to polyurethane products containing diisocyanates [1] . Diisocyanates are cross-linking agents used in polyurethane products like foams, paints, inks, insulating materials, varnishes and rubber modifiers [2] . The most commonly used isocyanate monomers are toluene diisocyanate (TDI), diphenylmethane diisocyanate (MDI), hexamethylene diisocyanate (HDI) and biuret modified HDI [3] . These isocyanate compounds are colorless, yellow or brown liquids with sharp pungent odours. As spray painting creates fine mists that may suspend in air for a short period of time the painters are directly exposed to isocyanate fumes, inducing acute and chronic airflow obstructive diseases. Dermatitis and eczema occurs in dermal contact. The pulmonary effects were characterized by dyspnea, wheezing and bronchial constriction. Eyes, nose and throat irritation with coughing and labored breathing is seen with acute toxicity and in severe exposure it produces hypersensitivity pneumonitis and pulmonary edema. Chronic exposure to isocyanates can lead to immune disorders as well as nasal & lung lesions like chemical bronchitis, allergic asthma, non specific bronchial hypersensitivity, chronic deterioration in lung function & hypersensitivity bronchial pneumonitis [4] . Many studies have found acute temporary effects on FVC and FEV 1 in car painters. Despite the extensive use of isocyanates oligomers, in automobile industries, its association on pulmonary function is studied less in India when compared to western countries. Despite the improvements in paint shop materials, practices and control, there are still chances for exposure to isocyanates .In U.S.A, between 50,000 to 1,00,000 workers are at risk of occupational exposure to isocyanates, and the number is increasing substantially because of the rapidly expanding use of coating materials (Paints), adhesives and binders [5] . Many studies have shown long duration exposure of paint effects on pulmonary function but very few studies are there for short duration exposure of paint effects on pulmonary function hence this study was performed to evaluate the effect of shorter duration exposure of isocyanates on the pulmonary function parameters.
II. Materials and Methods
The study design is of case-control type. This study was conducted in the department of physiology, Meenakshi Medical College Hospital & Research Institute, Kanchipuram, Tamilnadu, India.
II.1Study Population
A sample size of 100 subjects was included in this study. The study group were 50 male subjects employed in car spray painting automobile industry between the ages of 19-30 yrs with employment duration of less than 5 yrs. Inclusion criteria were absence of pre-occupational respiratory diseases like asthma, bronchitis, non smokers and a normal physical examination. A standard respiratory questionnaire was administered to all the workers. The questionnaire included respiratory symptoms of the internationally accepted British Medical Research Council respiratory questionnaire and additional questions like smoking, personal protective equipment use, yearly health checkup, educational status & training in particular work, occupation duration was also elicited. The questionnaire was validated extensively with pilot study and co-researchers. Smokers were excluded from the study. All workers had a general physical examination, specific to respiratory & smoking habits. Control group were 50 age matched healthy male non-smokers, not exposed to car spray paint.
II.2 Pulmonary function test
Both the groups performed pulmonary function tests according to ATS/ERS guidelines using Medspiror (Recorders and Medicare Systems). Informed consent was obtained from all the subjects. The Medspiror was self calibrated daily. Pulmonary function tests were carried out in the morning hours. The entire FVC procedure was demonstrated satisfactorily and was instructed to the subjects. The subjects were asked to take maximal inspiration and blow into the mouthpiece as rapidly, forcefully and completely as possible for about atleast 3 seconds. Verbal encouragement was given to the subjects as to continue to exhale the air at the end of manoeuvre to obtain optimal effort. A minimum of 3 acceptable forced vital capacity (FVC) manoeuvres was performed in the standing position with nose pinched and the best manoeuvre was selected and accepted. Each of subjects performed three FVC and the best curve was taken for analysis. The parameters studied were FVC, FEV1, PEFR, FEF25-75%, FEV1/FVC.
II.3 Statistical analysis
The results were interpreted as mean and standard deviation and statistical analysis was done using students t-test. p-value of <0.05 was considered as significant. Potential confounders were adjusted during the analysis.
III. Results
A total of 50 cases and 50 controls were included in this study. The results of the study on pulmonary function in car spray painters are showed in these tables. Table (1) shows the demographic characteristics of control and exposed subjects' i.e age, number of subjects, duration of employment in the current job. Table ( 2) shows the pulmonary function tests between the controls and the study group
The results showed that there was no significant change in pulmonary function tests between both the groups.
IV. Discussion
The present study was undertaken to evaluate the effect of isocyanates exposure on pulmonary function. In the present study, there was no statistically significant reduction in pulmonary function tests among the spray painters. The reason for this, insignificance could be lesser duration of employment exposure and being nonsmokers and usage of respiratory protective equipment. The results of this study showed no evidence of adverse effects of isocyanates exposure on pulmonary function and also absence of work related respiratory symptoms. Increased risk of airflow obstruction in painters was related to duration of exposure to isocyanate and was independent of the effects of cigarette smoking. It was found that FEV 1 and FVC decrements were significantly associated with the length of exposure to isocyanate [6] . The threshold limit value and permissible exposure limit if are not exceeded, isocyanate induced respiratory effects are little/absent [7] . A relation between peak exposure and reduced pulmonary function in car painters were also observed [8] . In non-smokers positive response to isocyanate exposure was in the form of late or dual response [9] . A reduction in pulmonary function parameters & asthma like symptoms is highly prevalent in spray-painting industry. Respiratory symptoms and occupational asthma in oliogomer aromatic isocyanates exposed workers are observed in many studies. Specific IgE plays a role in a minority of individuals with respiratory symptoms and IgE mediated mechanism in only a small proportion of the symptomatic individuals [10] . There is a slight average decrease in FVC and FEV1 during a working week which may be of importance in the long run [11] . Car painters who smoke less are less likely to use respiratory protection in highly exposed situations and therefore show a greater decline in lung function. Workers who showed an acute decrease in lung function over a week are vulnerable than other workers and repeated exposure in these workers will result in long term chronic reduction in lung function [12, 13] . An asymptomatic decrease in FEV1 and expiratory flow rates among toluene diisocyanate exposure workers is been observed [14] .
V. Conclusion
In this present study it was concluded that car spray painters exposed to isocyanates had no pulmonary function abnormality detected through pulmonary function test. There was also no work related respiratory symptoms present in these cases. The reason for the absence of lung function impairment in this study may be less exposure duration time of employment and using of respiratory protective equipment and also all the case subjects were non-smokers.
